Computed tomography (CT; both conventional (CCT) and high resolution (HRCT)) scans of the thorax were evaluated to detect early asbestosis in 61 subjects exposed to asbestos dust in Quebec for an average of 22(3) years and in five controls. The study was limited to consecutive cases with chest radiographs of the International Labour Organisation categories 0 or 1 determined independently. All subjects had a standard high kilovoltage posteroanterior and lateral chest radiograph, a set of 10-15 1 cm collimation CCT scans and a set of three to five 2 mm collimation HRCT scans in the upper, middle, and lower lung fields. Five experienced readers independently read each chest radiograph and sets of CT scans. On the basis of three to five readers agreeing for small opacities of the lung parenchyma, 12146 (26%) negative chest radiographs were positive on CT scans, but 6/18 (33%) positive chest radiographs were negative on CT scan. On the basis of four to five readers agreeing on a chest radiograph, 36/66 (54%) subjects were normal (group A), 17/66 (26%) were indeterminate (group B), and 13166 (20%) were abnormal (group C). By the combined readings of CCT and HRCT, 4131 (13%) asbestos exposed subjects of group A were abnormal (p < 0-001), 6/17 (35%) of group B were abnormal, and in group C, 1/13 (8%) was normal, 2/13 were indeterminate, and 10113 (77%) were abnormal. Separate readings of CCT and HRCT on distinct films in 14 subjects showed that all cases of asbestosis were abnormal on both CCT and HRCT. Inter-reader analyses by kappa statistics showed significantly better agreement for the readings of CT than the chest radiographs (p < 0-001), and for the reading of CCT than HRCT (p < 0.01). Thus CT scans of the thorax identifies significantly more irregular opacities consistent with the diagnosis of asbestosis than the chest radiograph (20 cases on CT scans v 13 on chest radiographs when four to five readers agreed, 13% of asbestos exposed subjects with normal chest radiographs or 21% of asbestos exposed subjects with normal or near normal chest radiographs. It decreased the number of indeterminate cases significantly from 17 on chest radiographs to 13 on CT scans. All cases of asbestosis detected only on CT scans were similarly seen on CCT and HRCT and did not have significant changes in lung function. The CT scans significantly reduced the inter-reader variability, despite the absence of ILO type reference films for these scans. (British Journal ofIndustrial Medicine 1993;50:689-698) The current standard criteria for diagnosis of asbestosis are based on an occupational history, interpretation of the chest radiograph by the International Labour Organisation (ILO) standards,' pulmonary function tests, and lung histopathology when available.23
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(British Journal ofIndustrial Medicine 1993;50:689-698)
The current standard criteria for diagnosis of asbestosis are based on an occupational history, interpretation of the chest radiograph by the International Labour Organisation (ILO) standards,' pulmonary function tests, and lung histopathology when available. 23 Progress in the imaging of several interstitial lung diseases with the use of computed tomography (CT) scans has repeatedly shown that the CT scan can be more sensitive than the chest radiograph for the detection of diffuse lung parenchymal diseases.4 8 Given the known absence of change of the chest radiograph in some 10% of symptomatic patients with established interstitial lung diseases, whether idiopathic or associated with exposure to asbestos9-"2 or silica,'3 the finding of an increased sensitivity of the CT scan over the standard chest radiograph is not surprising. We have previously considered this question with conventional CT (CCT) scans and were able to identify specific aspects of the imaging of the pneumoconiotic processes where CT scans provided new information and permitted a better clinical appreciation of the pathological process.'4-'9 In coal workers' pneumoconiosis, the report of Remy-Jardin et al also suggests that CT scans may be useful in achieving more accurate evaluation of parenchymal fibrosis. 20 We have recently reported on the CT scan in silicosis, indicating that it detects up to 40% more abnormalities consistent with the diagnosis of silicosis in subjects exposed long term to silica with a normal radiograph and recognised confluence of parenchymal opacities in up to 33% of cases of radiographic simple silicosis."5 l9 21 In a study of asbestos workers with high resolution CT (HRCT) scans, Staples et al concluded that in their asbestos exposed subjects with normal chest radiographs, HRCT scans identified a group of 57 (34%) subjects with abnormalities suggestive of asbestosis. 22 The group had a significant loss of lung function. Al-Jarad et al developed an HRTC scoring system to study 60 asbestos workers with various degrees of interstitial lung disease and concluded that the system allowed good interobserver and intraobserver agreement and that scores of disease on HRCT scans and chest radiographs correlated similarly with impairment of lung function.2' Their findings are similar to those of our earlier study on CCT scans in asbestosis. '4 Our present study was designed firstly to consider the question of early detection of diffuse interstitial lung disease in asbestos workers with a chest radiograph already classified in the category 0 or 1 according to the ILO 1980 classification.' The chest radiographs and CT scans were analysed by five experienced readers, through uninformed and independent readings. Secondly, we assessed the effect of reader variability on interpretation of data and thirdly we tested the proposition that asbestosis detected only on CT scans is associated with significant loss of lung function.22
Patients and methods
SUBJECTS
The 61 consecutive patients of this study were referred by the Workman's Compensation Board of Quebec for evaluation of possible lung disease associated with exposure to asbestos dust in the Quebec asbestos industries. All were investigated at either the Maisonneuve-Rosemont or CHUS hospitals. Five healthy non-smoking workers in the same age range as the exposed workers were included on a voluntary basis to serve as non-exposed, age matched controls for the chest radiographs and the CT scans.
The mean (SEM) age of the 66 subjects of the study was 62(2) (range 4) , pleural plaques "en face" were scored as 1; the circumscribed pleural plaques classified as al, a2, bl were scored as 1, a3, b2, cl as 2, and c2 and c3 as 3 for each side of the thorax. The pleural changes classified as diffuse were scored at 2 x the score of circumscribed pleural changes for the same type of ILO classification-that is, a pleural change of b2 ILO classification was scored as 4 when diffuse. With this scale, our subjects had scores of pleural disease that varied between 0 and 16.
COMPUTED TOMOGRAPHY SCANS OF THE THORAX
All CT studies were performed with a Picker 1200 SX (Pickers, Highland Heights, Ohio) or Toshiba 900 TS (Toshiba inc, Japan) instrument and included conventional 10 mm collimation CT (CCT) scans at 1 cm intervals from the apex of the lung to the base of the diaphragm and three to five high resolution 2 mm collimation (HRCT) scans taken through the upper, mid, and lower thorax. The images were reconstructed with the use of a bone algorithm. Scans were viewed at window levels most appropriate for pulmonary parenchyma (window level-550 to-650, window width 1500 to 1700). The CT scans were performed with the subject in the prone position during breath holding at full lung capacity. The supine position was not used to avoid misinterpretation of the frequent occurrence of pseudoreticulation in the gravity dependent regions due to accumulation of fluids and physiological atelectasis. We have preferentially used the prone position since the early experience of ourselves and others with patient positioning for the CT scans,14 that the mineral dust diseases mostly affect the subpleural lung areas.'314
The profusions of parenchymal opacities seen on the CT scans were graded with the same principles as the ILO 1980 system for grading pulmonary disease on the chest radiograph. It is recognised that CT may partly obliterate the summation effect seen in two dimensional chest radiographs, but nevertheless a grading system can be used, as also suggested in another study with different grading principles.2' For our study, we chose grading principles closely related to those of the ILO grading system for chest radiographs. The absence of opacities was graded as a score of the category 0 ( = profusion scores 0/-, 0/0, 0/1; 0/-= clearly normal, 0/0 = normal after a careful examination, and 0/1 = normal after some considerations of category 1 abnormality). The interpretation of definite presence of opacities allowed a grading of the opacities of category 1 or above. If the opacities were not obliterating the vascular markings, they were read in the category 1 grades (1/0, 1/1, 1/2). If they were obliterating the vascular markings slightly but definitely, they were read in the category 2 grades (2/1; 2/2, 2/3), and for the most severe blunting of the vascular markings, the opacities were interpreted as category 3 (3/2, 3/3, and 3/4). We did not score the pleural changes on CT scans. PULMONARY To consider the proposal that there were associations between normal radiographs, abnormal scans, and altered lung function, we regrouped the subjects into three groups that could be definitely classified-namely, negative radiograph and negative scan (neg-neg group (n = 26); negative radiograph and positive scan (neg-pos group (n = 10); positive radiograph and positive scan (pos-pos group (n = 10). Table 3 shows the pulmonary function tests for these groups. The lung functions of the pos-pos group were significantly altered compared with those of the neg-neg group but the neg-pos group had lung functions that did not differ from those of the neg-neg group. The last finding suggests that, in our subjects, an isolated abnormal CT scan suggestive of asbestosis was not associated with significant changes in lung ftunction.
CCT v HRCT scans To carry out independent readings of the CCT and HRCT scans, we selected the 14 scans considered (3) 96 (5) 82 (7) FEV, (% predicted) 96 (4) 91 (7) 82 (9) MMEF (% predicted) 63 (7) 43 (5) 44 ( For small opacities consistent with the diagnosis of asbestosis, separate readings of CCT and HRCT scans did not show cases of asbestosis on the combined CT scan readings (table 1) that were abnormal only on the CCT or abnormal only on the HRCT. The readings of the CCT had better reader agreement but the averages of the readings were less uniform among the five readers by comparison with the HRCT, suggesting a better definition of images on the HRCT. Again it was considered that the added clarity provided by the HRCT images permitted more rapid decision making and firmer interpretations of the images in some 30% of cases of asbestosis recognised by CT scan.
MULTIPLE VARIATE ANALYSES
For parenchymal disease scores on radiographs and on CT scans, there were significant associations with total lung capacity (TLC), vital capacity (VC), DLCO, maximum mid-expiratory flow (MMEF), years of asbestos exposure, and pleural disease score (p < 0 05) but no association with smoking index, forced expiratory volume in one second (FEV1)/forced vital capacity (FVC), or residual volume (RV/TLC.)
We found no significant associations between pleural disease score and smoking or loss of lung function, but there was a significant association with the number of years of exposure to asbestos (p < 0-02).
For the indicators of airflow limitation, the expiratory flow rates, we found no significant association with parenchymal or pleural scores of disease or years of exposure to asbestos but significant associations with the smoking index for FEVI/FVC (p < 0-0001), MMEF (p < 0 03), the RV (p < 0 007), and RV/TLC (p < 0 005).
For the indicators of restriction, TLC, VC, and DLCO, we found no significant association with smoking but significant associations with years of exposure in asbestos, CR and CT scan scores of parenchymal disease (p < 0-05 for TLC and VC and p > 0 05 for DLCO and years of exposure to asbestos; p < 0 05 for TLC and VC; p < 0-003 for DLCO and CR score; p > 0 05 for TLC; p < 0-02 for VC, DLCO, and CT scan score.
Discussion
In this study of 61 workers at risk of asbestosis, the combined reading of CCT and HRCT scans in subjects exposed to asbestos detected interstitial lung abnormalities consistent with asbestosis in 19% of subjects with a normal or indeterminate radiograph. For the normal chest radiographs, 13% of cases were positive on CT scans. Although we do not have histological proof, we believe that these small irregular opacities seen in asbestos workers with normal radiographs are early asbestosis lesions for the following reasons:
(1) in normal subjects, the incidence of small opacities on chest radiographs is <1 %34; and this is also the clinical experience of ourselves and others with the CT scans26; even in long term cigarette smokers, the prevalence of definite radiological opacities of the lung parenchyma (ILO category )1/0) is only 3%. 35 (2) The five normal unexposed subjects did not have small opacities and all readers agreed on that.
(3) the opacities in asbestosis were often limited radiographically to the lower lung fields, their distribution was usually fairly symmetrical in the right and left lung fields (figs 1 and 2 illustrate cases with normal radiographs and abnormal CT scans suggestive of asbestosis) and the opacities have some features that often differentiate them from those of idiopathic pulmonary fibrosis36; that opacities should be bilateral was an obligatory criterion in this study.
(4) The global appearance of these small opacities on CT described by independent groups22 23 [27] [28] [29] [30] was comparable with what is known of asbestosis histologically, 337 and on the standard chest radiograph for more advanced disease.2' (5) The CT scan has detected changes in other interstitial lung diseases before they were detected on the standard chest radiograph.78202"' (6) The inter-reader agreement for the recognition of these opacities on the CT scans was significantly higher than for the conventional chest radiograph, despite the absence of reference CT films for comparison.
(7) In the sheep model of asbestosis, the disease process found, within the first few months of exposure in susceptible animals, by lung lavage, lung biopsies, and gallium-67 scan, was only seen on standard chest radiographs one to two years later in the evolution of the disease process.'>'
The subjects with a normal radiograph but abnormal CT scan suggestive of asbestosis had no significant changes in lung function tests (table 2) . This was at variance with the report of Staples et al 22 but not unexpected in view of our earlier reports on lung function in the disease'0'43942 and from other publications on this subject,43 ' fig 1) with a normal chest radiograph. As in fig 1, the subpleural reticular infiltrates were considered diffuse in the dependent and non-dependent areas. Also, a small pleural plaque is seen in the paravertebral area, and the lung infiltrates appear more intense in this area. The parenchymal lung abnormalities were interpreted as less intense than in fig 1 and were classified as in the ILO category 1/0 on the CTscan. that before asbestosis produces an abnormal chest radiograph, the ongoing asbestosis process can be recognised histologically,9-1" by analysis of bronchoalveolar lavage fluids,363943-4548 by gallium-67 lung scan,104951 and by CT scans2227-30 in 10%-40% of such workers. This was also validated in our animal model for all techniques except the CT scan. In this paper, we have shown that the readers' agreement can influence the results of such studies, but with the stringent agreement of four to five independent readers, we still find a significant 13% incidence of negative radiographs and positive CT scans in subjects exposed long term to asbestos, seen in the setting of a workman compensation examination. Given that the CT scan procedure has better patient acceptance and gives results in the same range as alternative detection techniques for early disease, we consider the CT scan to be the procedure of first choice for subjects exposed long term to asbestos and suspected of having asbestosis despite a normal or near normal chest radiograph.
The 8 Multiple variate analyses of our data were not presented to establish definite and strong associations between the various measurements in this study, as it has a selection bias and there were limited samples. They were presented to show that the population of this study has similarities with larger populations of long term asbestos workers, where the current concepts of associations between radiographic score of asbestos disease and low lung volumes, DLCO, smoking, and airflow limitation have been established.
In conclusion, we have shown that CT scans are more sensitive than the standard ILO classified chest radiograph in detecting lung parenchymal changes of asbestosis. This agrees with the earlier findings of Staples et al. 22 In our present study, however, the abnormalities in CT scans were not associated with significant changes in lung function; this suggests that CT in our subjects detected early disease preceding appreciable alterations in structure and function. The abnormalities of the CT scan can be recognised more consistently by independent trained observers, with reduced interreader variability compared with their radiographs, despite the absence of standard ILO type reference films. The HRCT scan adds to the CCT clarity of images and increases the confidence of the readers in their interpretations, although with lower interreader agreement, in the recognition of small irregular opacities.
The work was supported by the Medical Research Council of Canada. We thank Ms Marielle Ste-Marie for her help in the retreival of several of the cases of this study. 
